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SUMMARY 


Column and plate compressive strengths of 2hS-T alu- 
minum-alloy sheet were determined both within and beyond 
the elastic range from tests of thin-strip columns and 
from local-instability tests of formed Z- and channel- 
section colums,. These tests are, the first. of a series 
in an extensive research investigation to provide data 
on the structural strength of various eircraft materials. 
The results, which are presented in the form of curves 
and charts that may be used in the design and analysis 
of aircraft structures, supersede preliminary results 
published previously. 


INTRODUCTION 


Column and plate members in an aircraft structure are 
the Dasie elements that Pail by instability. If efficient 
structures are to be designed, the strength of these ele-~ 
ments must be known for the various aircraft materials. 

An extensive research program has therefore been under- 
taken at the Langley Memorial Aeronautical Laboratory to 
establish the colum and plate compressive strengths for 
a number of the alloys available for use in aircraft 
structures. Reliable and rapid procedures for testing 
such materials have already been developed and are 
deseribed in referen¢es 1 and 2. 


The first material tested during the present investi- 
gation was 2hS-T aluminum-alloy sheat, The results for 
this material, given herein, supersede those contained 
in a preliminary report (reference 2). 


NACA ARR No. LOFOL 


SYMBOLS 


length of column 
radius of gyration 


fixity coefficient used in Euler colum formula 


effective slenderness ratio of thin-strip colum 


width of plate 
width of flange of Z~ or ehannel section (see fig. 1) 
width of web of Z= or channel section (see fig. 1) 


of Z- or channel section 


Q 


inside radius of ben 
(see fig. 1) 


thickness of plate 


nondimensional coefficient used in plate-buckling 
formula 


coefficient k used with by and t in plate- 
buckling formule (see fige 2 and reference 3) 


S 


0 


modulus of elasticity in compression, taken 
10,700 ksi for 2hS-T aluminum alloy 


nondimensional coefficient for colums (The value of 
T is so determined that when the effective 
modulus TH, is substituted for i in the 
equation for elastic buckling of colwms, the 
computed critical stress agrees with the 
experimentally observed value. The coefficient T 
is equal to unity within the elastic range and 
decreases with increasing stress beyond the elastic 
range.) 


nondimensionsl coefficient for plates corresponding 
bo, T fer .columis 


Poisson's ratio, taken as 0.3 for 2S-T aluminum alloy 


NACA ARR No. L5FOl 3 


San critical compressive stress 


Onax average compressive stress at maximum load 
Foy compressive yield stress 


METHODS OF TESTING AND ANALYSIS 


All tests were made in hydraulic testing machines 
accurate to within three-fourths of 1 percent. The ends 
of the stress-strain specimens and the columns were ground 
flat and square. 


Stress-strain curves.- The compressive stress-strain 
data, which identify the meterial for correlation with 
its column and plate compressive strengths, were obtained 
from tests of single-thickness srecimens in a compression 
fixture of the Montgomery-Temmlin type shown in figure 3. 
This fixture was used only for flet compression specimens, 
which represented the material before forming. Infor- 

mation on the technique used in making these tests is 

presented in reference }. For the bent material in the 
corners of the formed Z- end channel sections, compression 
specimens were cut from the corner portion and tested in 
the special fixture shown in figure hl. 


Colum strength.- The colum strength and the asso- 
ciated effective column modulus were obtained by testing 
thin-strip columns of the material with the ends clamped 
ii oeouees of “the type Shown in figure 5. The use of 
end fixtures of this type is discussed in détail in 
reference 1. The fixtures used heave been improved, and the 
method of analysis hes been modified since tne publication 
of reference 1. The method now used results in a colum 
curve representative of nearly perfect colunmm specimens. 
In addition, the method now takes into account the fact 
that columns of the dimensions tested are actually pilates 
with two free edges. 


Plate compressive strength.- The plate compressive 
strength of the material was obtained from compression 
tests on Z- and chennel-section columms so proportioned 
as to develop local instability, that is, instability of 
the plete elements of which they are comprised. (See 
feos Ge) Inasmuch as the flanges and webs of such colwms 
are in reality plates with various: kinds of edge support, 
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and 9 ksi in the cross-grain direction. The modulus of 
elasticity in compression was taken as 10,700 ksi, the 
accepted value for 24S-T aluminum alloy. 


When the flat sheet material is bent to an inside 
Codie. * of 4b to form a 4 or channel, the cold work 
done on the material evidently raises the compressive 
yield stress for the curved corner portion above that for 
the flat web or flange, about 18 percent for the with- 
grain end 10 percent for the cross-grain direction. (See 
fig. 10.) Because the curved corner specimens included 
along their edges some flat material (ebout hO percent 
of the total area) for which the yield stress is lower 
than that for the curved portion, the actual increase in 
the compressive yield stress for the corner portion may 
be somewhat greater than the increase indicated in fig- 
UBS TO. The important result to mote is that the com-— 
pressive properties of a formed section may not be uniform 
Over the eross Section. 


Column Strength 


The results of the tests of the thin-strip columns 
are given by the columm curves of figure 11 for the two 
Cercecrons of grain. 


At stresses beyond the elastic range, the experi- 
mental values of Oop are lower than those computed by 
the Euler column formule (see elastic-buckling curve, 
fig. ii), because of the reduction in the effective 
modulus af iclasticity. The effective modulus to be 
substituted for EH in the Huler column formula to bring 


calculated and experimental values of Co eo agreement 


is given as TE,, where T is @ coefficient that is equal 
to unity in the elastic range and decreases with increasing 
stress beyond the elastic range. In structural calculations 
in which it is impossible to use directly values obtained 
ieom. Ghee columimcurne (hie, £1), the value of tT for a 
given stress must be known. The variation of tT with 
stress for colurms is therefore shom in figure 12 for 

both directions “or “erain. 


Q 


On 
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Plate Compressive Strength 


THe GTesults, Of the Vocall-imist abating. beste Os sume 


formed Z4- end channe]-section eolumms, used to determine 
the: plave’ compressive strengoh, are piven in Gabtes. 2 

Bievolme ee ilake important FEletionships Hor compressed plate 3s 
obtained from theses tests are shown on the curves and 
désign charts presented in the following Daragraphs, 


Plate-buckling curve.= The plate-buckling curve, 
which is enalosous to the cclumn cur is shown in fig- 
ure 14 for plates Igaded in! Ghe wi ain direction. 
The abscissa in figure 14 is suggested by transposing the 


plate-buckling equation 
kT es to 
awed: 586) 3 SO (1) 
Cry St. a 
12(l-u D> 
to the form 
1H 
Oye Set ee (2) 
i ply (aaaeael 
MD josh 
t | ey ' 
W 4 


where the subseript W ts added to make the terms Db 
and sk) ,of the equation cerrespond to the entrics jan 
tables 2 and 4,. The simi larity between the rom .er 
equation (2) and the following form of the Huler column 
formula is to be noted: 
1-3, 
2 = aoa (3) 


At stresses beyond the e. 


lastic range, as in the case 
of columns, the experiments! values.of Oop for plates 
are lower than those piven by equation (2) for elastic 
buckling (see elestic-buciling curve, fig. (15), hecauss 
of the reduction in the effective modulus of elasticity. 
The effective plate modulus corressonding to 7H hor 


columns is given as 7E,, end the varietion of nm with 
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SPess| aS) Piven, Logether with the: variatiion of 7, in 
figure 12. The crossing of the T= and *n-curves shown 
in figure 12 occurs because the formed columns apparently 
had an appreciable degree of imperfection, which resulted 
in the deviation of the wy-curve from unity at a lower 
stress than that at which the T-curve, representative 
of nearly perfect columns, deviates from unity. 

Relationship of o,, to O6,,/n for plates.- In 
problems concerned with the strength of plates, it is 
sometimes desirable to insert the value of mE, for Hg, 
in the plate-buckling formula, equation (1), and to write 
the equation in the transposed form 


“nee te 


4 


In this form the velue of O,/mn is given by the modulus 


of elasticity, Poisson's ratio, the geometric dimensions 
of the plate, and the coefficient at The value of Oor 


can then be obtained by use of the curve of o,, against 
Ser/n civen in figure 1). This curve may be obtained by 


plotting the data directly or by plotting from the faired 
eurves of figure 13. 


As in the case of equation (1), the subscripts W 
may be added to k and b of equation (), and o,/n 


may be determined for- a Z- or channel-section by the use 
of the formula and curve of figure 2, 


Meximum compressive strength of olate elements.- In 
the case of a plate loaded in lon@itudinal compression, 
the supported, or restrained and supported, side edges 
remain essentially streight after buckling and are capable 
of carrying additional load. As a consequence, there is 
a maximum strength for the plate that is greater than 
the buckling strength. 


Theoreticel studies that appear in the literatur 
concerning the ultimate strength of plates and the asso- 
ciated effective width of the plates after buckling 
indicate that the average stress at maximum load is 
related to the critical stress. It is therefore reason- 
able to assume thet the average stress at maximum load 
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6. for tne combination of plate elements that make up 


6 Z= or channel-section column is also related to the 
eritical stweess for, the comoinstiion i 


i A 
imentel values ooteined ars plebted in, figure 15 

as Onn a@aimet the @abso | Onn/Omex >, ialGy Leola sbi ea ete, 

ure 6 definite relationship, Le scen to, exist, bebween 

Sep and Gmax for e given value cf by/t. 


In Some .cases) Velie s Ot oe ather than Ser 

ay be Pequired, in strength caelcule eee Loe. Values nos 
Oar ure therefore plotted against apes in figure io, 
The Teasivility of maline such sa" plop is ineGicated yeti 
relationshio between O,, and oye he Shown in figure 1h 
and ‘the relationship between Gray end Og, | showm sm 

s = — 2 Ke 2 eta 1 - 
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PUL yy nds PS FOO jay WE -strain curves have indicatsd, 
hewever, that: the: pei 8 material in’ the forming 
oer the coduims Praise SSSA Ve? PUStONS CRSSa ih Gee ame: 
material,in the cern fig. 10.) Ae examination 
of the deta showed €! bits. reduced. fer 9. gegen 
thickmess t and a of Ogp/n, the total exoss= 
Sectional area is al ; the Pixed eres of bigeh— 
strength bent maveri corners therefore becomes a 
higher) penecenwase Gs area. This fact may actounG 
Lor ehevhasher yale obtained at siven values 
OH Sans: 2, On ene nennel-section columns with 
lower ‘values of | by/t. “(Ses fig, 16.) 


affect of grain direction on plete strength.= The 
plate stréngth »sresented in sures 1% to 16 were 
a3 


j 
Prom columims loaded in the wi 
af is Per 


+> 


b me th-erain Giese CE LOM 
mrorder) to%tde eee the effect of grein direction on the 
values of Oop and O54, a few columns were constructed 


and tested with the grain of the shéet at Tighe angles 
to the axis of the colum. These colums are herein 


eSienated crosS-grein columns. 


In figures 17 end 13, the data obteined from the 
cross-grsin columns ere plotted as expertmental points 
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for comparison with curves taken from figures i end 16 
for the with-grain columms. Only at the higher stresses, 
where the Stress-strain curve for the cross-grain direction 
differs noticeably from the stress-strain curve for the 

a 


with-grain direction, are the values of Oo end: G_ -.. 
Gig max 


greater for the cross-grain columns than for the with-grain 
columms. The average increase in the high-stress region 


was about 1 percent for oe and about 2 percent for Gee's 


whereas the cross-grain compressive yield stress was approx- 
imately 11 percent greater than the with-grain compressive 
yield stress. 


Cherts for local instability of Z- and channel-section 
columns.- The plate compressive strength of the material 
was eveluated from tests of Z- and channel-section columns. 
The results of these tests, which provided this information 
regarding plates, may also be applied directly to formed 
Z- and channel-section columns thet fail by local insta- 
bility. These results can be conveniently summarized in 
the form of charts thet give directly, in terms of the 
dimension ratios bp/by and by/t, the critical stress 


end the average stress at maximum load. Such charts, 
based on the theoretical curve of figure 2 and the experi- 
mental data, are given in figures 19 to 21. 


The important conclusions of this report are.embodied 
in the test deta of column and plate compressive strengths, 
which are presented in the form of curves and charts that 
may be used in the design and enalysis of aircraft 
structures of 2liS-T aluminum-alloy sheet. 
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TABLE 1.- COMPRESSIVE PROPERTIES OF 24S-T ALUMINUM-ALLOY SHEET 
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Figure |.- Cross sections of Z-and channel- 
section columns. 
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(b) Assembled with Tuckerman optical strain gage in 
place on specimen. 


Figure 3.- Fixture for obtaining compressive stress-strain 
curves of flat sheet. 
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Figure 5.- End fixtures and setup for thin-strip column tests. 
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Figure 6- Typical cross-sectional distortion 
of columns that develop local instability. 
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Figure 7.- Z-section column under test 
instability of plates. 
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Figure 8.- Illustrative stress - distortion curve for 
determination of critical stress for Z- or channel - 
section columns loaded in compression . 
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Figure 10.- Effect of forming on compressive 
stress - strain curves for 24S-T aluminum - 
alloy Z-section; + =0I25 inches . 
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Figure IZ.- Variation of T and Y with stress for 
24S-T aluminum -alloy sheet. (1) obtained from 
tests of formed columns.) 
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Figure 14.— Variation of oc, with 4/7 for plates of 24S-T 
aluminum - alloy sheet loaded in the with-grain direction, 
obtained from tests of formed columns ; Qy- 44ksi. 
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Figure 19.- Design chart for Ocr for formed 24S-T 
aluminum - alloy Z- and channel-section columns that 
develop local instability loaded in the with -grain 
direction ; Tcy = 44 ksi. 
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Figure 20:— Design’ chart, for /d;.,x for formed 24S-T 
aluminum-alloy Z- section columns that develop local 
instability loaded in the with-grain direction ; qy=44ksi . 
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Figure. Z|.— Design chart for’ dx for formed 24S-T 
aluminum - alloy channel- section columns that develop 
local instability loaded in the with-grain direction 5 
Tey = 44ksi . 
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